INTRODUCTION
In the past decade few technologies such as Wireless Sensor Networks (Nandury & Begum, 2015) , Internet of Things (Zanella, Bui, Castellani, Vangelista & Zorzi, 2014) , Big Data (Hashem et al., 2016) and Cloud computing (Vögler, Schleicher, Inzinger, Dustdar, & Ranjan, 2016) influenced the shaping of Smart City concept. The term "smart city" defines the new urban environment, one that's designed for performance through information and communication technologies (ICTs) and other forms of physical capital. With the effective management of resources through intelligent management, visionaries hope that cities will drive a higher quality of life for citizens, drive down waste, and improve economic conditions", (Stimmel, 2016) .
According to Georgescu and Popescul (2016) the relevant goals for a smart city are:  Smart mobility (traffic management, bike/car/van sharing, multimodal transport, road conditioning monitoring, parking system, route planning, electric car gearing services);  Smart grid/energy (power generation/ distribution/storage, energy management, smart metering, street lightening optimization);  Public safety (video/radar/satellite surveillance, environmental and territorial monitoring, children protection -e.g. safer home-school journeys for children, emergency solutions, waste management, smart air quality, weather data for snow cleaning);  Smart governance (transparent decisional process, a greater involvement of citizens in legislative initiatives, public-private partnerships, online taxing systems); (Seybold, 2005; Parsons, 2000) . Those researches are mainly focused on mobile communications (Alim, Rahman, Hossain, & Al-Nahid, 2010) and WiMAX (Alshami, Arslan, Thompson, & Erdogan, 2011) There is an evident lack of similar researches for alternate technologies applicable in Smart City environments. This research represents the analyses of usability of Lee propagation model (Lee & Lee, 2000; Lee, 2006; Lee & Lee, 2010; Lee & Lee, 2014) in design, planning and management of wireless networks in urban areas based on LoRa technology for possible Smart City scenarios in small city environments. In addition, the possible optimization of the same model is discussed. This paper is structured as follows. After the short introduction, Lee propagation model is described. The experiment and results are presented in the following sections. At the end, the conclusion and further work are presented. 
LEE PROPAGATION MODEL
The Lee model was originally developed for use at 900MHz and has two modes: area-to-area and point-to-point (Seybold, 2005) . This model is used to predict a path loss over flat terrain. If the actual terrain is not flat, e.g., hilly, there will be large prediction errors (Stüber, 2002) . Area-to-area model uses reference path loss L 0 for one mile or 1.6 km, slope of path loss curve  in dB and adjustment factor F 0 . Propagation path loss is calculated with formula:
Distance between transceiver and receiver d is in km. The reference values for median path losses are given in Table 1 . The adjustment factor F 0 is calculated with formula:
Where F 1 is base station antenna height correction factor and h b is base station antenna height in meters.
Base station antenna gain correction factor is:
G b is base station antenna gain relative to a halfwave dipole [dBd] . dBd compares the gain of an antenna to the gain of a reference dipole antenna, while dBi is a measurement that compares the gain of an antenna with respect to an isotropic radiator (a theoretical antenna that disperses incoming energy evenly over the surface of an imaginary sphere.). The difference is 2.15 dB. To convert dBi to dBd or vice versa: the following formula is used: dBd = gain in dBi -2.15 dB.
Further, F 3 or mobile antenna height correction factor is calculated like this:
Mobile antenna height correction factor depends on h m or mobile antenna height in meters. Two different formulas are used, one for antenna height above 3 m, and other for antenna heights bellow 3m.
The frequency adjustment factor is:
where 2 < n < 3
and f is in MHz (7) Mobile antenna gain correction factor with G m (mobile antenna gain) in dBd is:
Another form of formula for Lee propagation is as follows, (Stüber, 2002) :
Where is power at 1 mile or 1.6 km (reference distance d 0 ); and  is path loss exponent.
Parameters for formula (9) are given in Table 2 . Those parameters are determined with empirical measurements. The adjustment or correction factor 0 is calculated with formula like in (2): 
Two different formulae are used, one for antenna height above 10 m, and other for antenna heights bellow 3m.
Mobile antenna gain correction factor is:
  
According to the presented, formulae for path loss calculations are: (Libelium, 2017) . LoRa module uses 868MHz omni-directional antenna with 4.5 dBi gain. The receiving station is similar, with the difference of using Arduino UNO instead of Arduino MEGA. In order to increase the range of receiver, the LoRa communication module is attached to external yagi antenna with 9 dBi gain and 60 radiation angle. Antenna is located outdoor, mounted on the antenna holder on the 4th floor of the residential building. Experiment is made in Zrenjanin, a city with about 76,511inhabitants (SBRS, 2011) and it covers area of 1,324.0 km2, with density of population around 93.2/km2. The measurements are made on 17 locations, and the measurement results are presented in Table 3 , while the location positions, receiver central position and antenna radiation angle are shown in Figure 1 . Table 3 gives additional data for the location such as: number of packets sent and received, packet error rate (PER) in %, mean Received Signal Strength Indicator (RSSI) in dBm, mean Signal-to-noise ratio (SNR) in dBm, latitude and longitude of measurement position and its distance from central position. 
Figure 1: Locations used in LoRa 868MHz measurements (image is made in Google maps)

RESULTS ANALYSES
Calculations needed for propagation loss are made according to the formula for received power calculation. Received power calculation or link budget may be calculated with (23) and it is based on the authors experience in previous research for ZigBee and 868MHz indoor propagation (Dobrilovic, Odadzic, & Stojanov, 2016) and ZigBee and LoRa outdoor propagation. The link budget is a calculation of all the gains and losses for the link that are added in order to arrive at the mean signal level at the receiver, (Anderson, 2003; Dobrilovic et al., 2016) .
P rx is received power (dBm). P tx is transmitter output power (dBm) which represents the timeaverage power of the link transmitter on the transmission channel. The power level is given in dB relative to one milliwatt, dBmW, or dBm; G tx is transmitter antenna gain (dBi) and it depends on the antenna type (mostly its cross section or aperture size) and is obtained from the antenna manufacturer. The antenna type and its gain is one of the link system elements the design engineer can easily change to improve link performance. L tx is transmitter losses (dB) represent losses in transmission line connecting the transmitter as well as the losses in connectors. L pl is propagation loss or path loss (dB) and it is calculated with various propagation models formula. L m represents miscellaneous losses (fading margin, body loss, polarization mismatch, other losses...) (dB) G rx is receiver antenna gain (dBi) and L rx is receiver losses (coax, connectors...) (dB) are the same as G tx and L tx , but on the receiver side. Effective radiated power (dBmW) or ERP is the sum of the transmitter power and transmit antenna gain minus the transmitter losses, (Anderson, 2003) .
In this research with usage of LoRA 868 MHz modules based on SX1272 (Libelium, 2017) , and accompanied equipment, the P tx is 18 dBm, G tx is 9 dBi and G rx is 4.5 dBi. The P tx and G tx are cumulative included in formula (4). L tx , L rx and L m are very low and therefore disbanded. Also, since the calculations will use formula (1) for prediction of signal strength, and since the Gtx, Grx and Ptx are inserted in formulas (2), (4) and (8) the formula for path loss calculation that is used in this research is:
where L pl is calculated with (1). The calculated predicted signal strengths are given in Figure  2 , for urban areas of Philadelphia, Newark, Tokyo and sub-urban, rural and free space areas. On the same figure measurement results from the experiment for 17 locations are shown as blue circles.
In order to analyze the accuracy of Lee propagation model, and its usability in design, planning and management of wireless network in urban environments, especially for the city of Zrenjanin, the MSE (Mean Square Error) and RMSE (Root Mean Square Error) are calculated (Al Salameh, 2015; Chrysikos, Georgopoulos, Kotsopoulos, & Zevgolis, 2010) . The MSE and RMSE are given in 
CONSLUSION AND FURTHER WORK
After the experiment and experiment result analyses as it was described in previous chapters, the applicability of Lee propagation model is proven to be efficient enough for design, planning and management of wireless networks based on LoRa technology in urban areas. 
